Sotos syndrome is an overgrowth syndrome leading to peculiar facial characteristics, large hands and feet, and mental retardation. The maxillofacial characteristics are metopic protrusion, a high and narrow palate and a tapered mandible. In this study, we evaluated changes in maxillofacial growth in 2 patients with cerebral gigantism during the peripubertal period.
and feet, valgus and mental retardation, and was first reported in 1964 by Sotos et al. 7) . The maxillofacial characteristics are megacephaly, dolichocephalia, metopic protrusion, anterior fontanel dilation, strabismus, ocular hypertelorism, a high and narrow palate, a tapered mandible, and early eruption of teeth 6) . There have been studies on maxillofacial growth and pronunciation in infants with this syndrome 4) , but no studies during the peripubertal period were found. In this study, we evaluated changes in maxillofacial growth in 2 patients with cerebral gigantism during the peripubertal period. ratio of mandibular ramus height to mandibular corpus length.
A) Shows diagram of how evaluation was performed for length of skull, width, diameter, and ratio according to radiography of profile and frontal image. B) Shows diagram of how evaluation was performed for length of base of skull, and ratio according to radiography of profile. C) Shows diagram of how evaluation was performed for maxillary positional relationship according to radiography of profile. D) Shows diagram of how evaluation was performed for length of eye socket, and positional relationship according to radiography of profile and frontal image. E) Shows diagram of how evaluation was performed for length of maxillary bone, and positional relationship according to ragiography of profile.
Case Report
This study was performed using frontal and lateral cephalometrical radiographs taken at the first examination and re-examination in 2 patients with Sotos syndrome who consulted the Orthodontic Department of Suidobashi Hospital, Tokyo Dental College. Ricketts analysis, Downs & Northwestern analysis, and analysis of maxillofacial skull morphology by Susami et al. 8) (Fig. 1 ) were used to evaluate the radiographs.
Patient 1 was a boy aged 8 years 6 months at the first examination. His height was 142.2 cm, body weight 37 kg, and bone age 5) 11.0 years. The patient consulted our hospital with chiefly for median diastema and a lack of teeth. The face was symmetric, with midface retraction and a tapered mandible (Fig. 2 ). In the oral cavity, maxillary median diastema with an OJ of 2.5 mm and OB of 1.0 mm was observed, and the molar region was angle II. Eruption of the first maxillary molar was delayed ( Fig. 2 ). Radiography revealed a lack of bilateral second premolars and molars in the lower jaw and bilateral first premolars in the upper and lower jaws.
Ricketts analysis of the profile obtained by radiographic cephalometry (Tables 1-1, 1-2, and 1-3) demonstrated that convexity ‫)°5.4מ(‬ was small, showing mandibular prognathism, and the facial axis (82.0°), facial depth (83.0°), mandibular plane (37.5°), and lower facial height (51.0°) were large, revealing a dolichofacial pattern.
Downs & Northwestern analysis indicated that the SNA (68°) and SNB (70°) were small, showing maxillary and mandibular retrusion. It was also noted that the mandibular plane (38.0°) and gonial angle (133.5°) were large, and that the ramus angle (80°) was small, showing a high angle.
Analysis by the method of Susami et al. 8) demonstrated that, in the calvarial region, maximal cranial height (H, 160 mm), maximal cranial major diameter (L, 216 mm), posterior cranial height in the Ba region (Hp, 158.5 mm), and cranial capacity index (H‫ם‬L‫ם‬W/3, 181) were large, revealing megacephaly and leptoprosopia. In the basicranial region, the major diameter (S-N, 76 mm) was long, showing leptoprosopia. Anterior maxillary height (N-ANS, 61 mm) was large in the maxillary profile, and interorbital bone distance (BIOD, 26.5 mm) was also large on the frontal maxillary image. In the mandibular profile, the mandibular corpus length (Go-Pog, 75.5 mm) and mandibular length (Ar-Pog, 109 mm) were large, showing a high angle.
At the time of re-examination (Figs. 3 and 4, Tables 1-1, 1-2, and 1-3), the patient was 14 years 6 months old.
Ricketts analysis demonstrated that the facial axis and depth had decreased to 80°a nd 82°, respectively, and that the mandibular plane and lower facial height had markedly increased to 40 ° and 53°, respectively, revealing an increase in the dolichofacial pattern.
Downs & Northwestern analysis indicated that the gonial angle had increased to 136°, showing an increase in the high angle.
Fig. 2 Patient 1: First examination
Face was symmetric with midface retraction and tapered mandible. In oral cavity, maxillary median diastema with OJ of 2.5 mm and OB of 1.0 mm was observed, and molar region was angle II. Eruption of first maxillary molar was delayed. Ricketts analysis demonstrated that the facial axis and depth had decreased to 80° and 82°, respectively, and that mandibular plane and lower facial height markedly increased to 40° and 53°, respectively, revealing increase in dolichofacial pattern. Downs & Northwestern analysis indicated that gonial angle had increased to 136°, showing increase in high angle. Analysis by the method of Susami et al. demonstrated that the maximal cranial major diameter, mandibular ramus height, and cranial capacity index had increased to 220.5 mm, 49 mm (43 mm at the first examination), and 183.5, respectively. Figure 4 shows the profile produced by superimposing the profile obtained at the first examination on that obtained at reexamination at the S point on the S-N plane, and the frontal image produced by superimposing the image obtained at the first examination on that obtained at re-examination at Cock's comb on the maxillofacial median. As in this figure, the skull and mandibular bone grew vertically, and a high angle was observed.
Ricketts 5-position analysis (Fig. 5 ) demonstrated a 2° dilation of the facial axis by the first superimposition, a 1.5-mm retraction of point A by the second superimposition, a 1-mm inclination of the maxillary medial incisor to the lip and a 1-mm mesial movement of the first maxillary molar by the third superimposition, a 2-mm inclination of the mandibular medial incisor to the tongue and a 1-mm mesial movement of the first mandibular molar by the fourth superimposition, and a The patient consulted our hospital chiefly for maxillary anterior tooth protrusion. The face was symmetric, and showed mandibular retrusion and tapering (Fig. 6 ). The occlusion was angle class II div. 1, OJ 14 mm, and OB ‫1מ‬ mm (Fig. 6 ).
Ricketts 10-factor analysis of the profile obtained by radiographic cephalometrics (Tables 2-1 Ricketts 10-factor analysis demonstrated that the facial axis had decreased to 84°, showing a dolichofacial pattern. Ricketts analysis of the frontal image indicated that the maxillary width (63 mm), mandibular width (99 mm), and facial width (144 mm) were large.
Downs & Northwestern analysis revealed that the Y-axis was large (72°), revealing an increase in the high angle.
Analysis by the method of Susami et al. demonstrated that the maximal cranial major diameter was 185 mm in the calvarial profile, and the sphenoidal major diameter in the anterior skull base (S-ER') was 28.5 mm in the basicranial profile, indicating enhancement of the dolichofacial pattern. In the maxillary profile, the anterior maxillary height (N-ANS), posterior maxillary height (S-PNS), and anteroposterior major diameter in the upper jaw (ANS-PNS) had markedly increased to 63.5 mm, 52.5 mm, and 51 mm, respectively, and in the mandibular profile, the mandibular ramus height (Ar-Go) and mandibular length (Ar-Pog) had also increased to 48.5 mm and 113 mm, respectively, indicating an increase in the high angle. Figure 8 shows the profile produced by superimposing the profile obtained at the first examination on that obtained at reexamination at the S point on the S-N plane, and the frontal image produced by superimposing the image obtained at the first examination on that obtained at re-examination at Cock's comb on the maxillofacial median. As seen in this figure, the skull and mandibular bone had grown vertically grew, and a high angle was observed.
Ricketts 5-position analysis ( Fig. 9 ) demonstrated a 2.5° dilation of the facial axis by the first superimposition, a 1.5-mm retraction of point A by the second superimposition, a 1-mm inclination of the maxillary medial incisor to the lip without any movement of the maxillary molars by the third superimposition, a 1-mm mesial movement of the mandibular molars without any movement of the mandibular anterior teeth by the fourth superimposition, and a 1-mm retraction of the lower lip with respect to the E-line by the fifth superimposition.
Discussion
In Sotos syndrome, as in other overgrowth syndromes such as Wiedeman-Beckwith syn- Ricketts 10-factor analysis demonstrated that facial axis had decreased to 84°, showing dolichofacial pattern. Ricketts analysis of frontal image indicated that maxillary width (63 mm), mandibular width (99 mm), and facial width (144mm) were large. Downs & Northwestern analysis revealed that Y-axis was large (72°), revealing increase in high angle. Analysis by method of Susami et al. demonstrated that maximal cranial major diameter was 185 mm in calvarial profile, and sphenoidal major diameter in anterior skull base (S-ER') was 28.5 mm in basicranial profile, indicating enhancement of dolichofacial pattern. In maxillary profile, anterior maxillary height (N-ANS), posterior maxillary height (S-PNS), and anteroposterior major diameter in upper jaw (ANS-PNS) had markedly increased to 63.5 mm, 52.5 mm, and 51 mm, respectively, and in mandibular profile, mandibular ramus height (Ar-Go) and mandibular length (Ar-Pog) had also increased to 48.5 mm and 113 mm, respectively, indicating increase in high angle. In profile, the skull and mandibular bone grew vertically, and high angle was observed. In frontal image, maxillary width, mandibular width and facial width had increased. drome 3) , maxillary and mandibular retrusion and excessive facial height without mandibular forward overgrowth are observed. Morphologically, the maximal cranial major diameter and anterior maxillary height are markedly larger in this syndrome than in Apert's syndrome or Crouzon's disease 5) , indicating the characteristics of megacephaly.
Motohashi et al. 4) performed a cross-sectional analysis of the morphology in infants with Sotos syndrome using Bolton standards. The subjects consisted of 4 patients: 3 boys aged 2 years 3 months, 3 years 1 month, and 5 years 8 months, and 1 girl aged 2 years 9 months. The cranial length, height, and width, maxillary and mandibular lengths, mandibular angle, and interorbital distance were measured on lateral and frontal cephalometrical radiographs, and slight maxillary and mandibular retrusion, a large gonial angle, increases in the N-S-Gn angle in the mental region, increases in the Ar-Go-Gn angle, and slight increases in the facial height were detected.
Welbury and Fletcher 9) reported an 11-yearold female and a 16-year-old male with Sotos syndrome, and noted their values by cephalometric analysis. Anterior cranial base (Sella- Fig. 9 Patient 2: 5-position analysis Ricketts 5-position analysis demonstrated 2.5° dilation of facial axis by first superimposition, 1.5-mm retraction of point A by second superimposition, 1-mm inclination of maxillary medial incisor to lip without any movement of maxillary molars by third superimposition, 1-mm mesial movement of mandibular molars without any movement of mandibular anterior teeth by fourth superimposition, and 1-mm retraction of lower lip with respect to E-line by fifth superimposition. Nasion) exceeded the norm in one patient, SNA was decreased, and SNPog was average or small. Mandibular body length (Go-Pog) was large and Gonial angle was average or small.
Our patients had a large anterior cranial base and exhibited dolichocephaly, and small SNA and SNB values.
Allanson and Cole 1) reported growth changes in facial appearance using anthropometric craniofacial measurements. With time, the normal process of facial change occurs. They superimposed their results on this normal Gestalt. The results, it's shamed that, as the face lengthened, the dominance of the forehead diminished and the chin achieved greater prominence. The mandible became longer and more narrow inferiorly, square or pointed, but prognathism was rare.
In the present study, we performed longitudinal analysis of the morphology in adolescent patients with Sotos syndrome, and found that the vertical development of the maxillofacial plane observed in the infants continued. To treat disordered occlusion in Sotos syndrome, it is considered important to suppress the growth of facial height.
Conclusions
To evaluate morphological changes in growth in patients with cerebral gigantism, we examined the maxillofacial growth pattern in early teens using cephalometrical radiographs of 2 patients who had consulted the Orthodontic Department of Suidobashi Hospital. (Patient 1 was 8 years 6 months old at the first examination and 14 years 6 months old at re-examination, and patient 2 was 14 years 6 months and 16 years 11 months old, respectively.) Ricketts and Downs & Northwestern analyses and analysis by the method of Susami et al. were performed using radiographs of the 2 patients.
In both patients, vertical growth of the maxillofacial plane was noted, and in patient 2, it was markedly enlarged.
The results showed that facial height increased in the patients, with cerebral gigantism occurring during the peripubertal period, together with changes in vertical growth. This suggests that these are important factors for orthodontic treatment.
